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INTRODUCTION
The intervention considered in this paper consists of irrigation projects implemented under the United States Agency for International Development (USAID) Feed the Future (FTF) Initiative in the Kilombero and Mvomero districts of Tanzania (see Figure 1 .1). The primary objective of the projects is to improve agricultural productivity, focusing on rice, maize, and horticulture. According to USAID FTF Tanzania (Feed the Future 2011), the interventions are expected to increase production of rice (the main staple crop in the region) by 25 percent; maize, by 10 percent; and horticulture, by 20 percent. Although irrigation development is the major investment under the projects, new technologies and management practices are also introduced along with the development of irrigation. Given that irrigation development is the core investment, the interventions evaluated by this study can be thought of as an "irrigation treatment" that directly benefits agricultural households in the project zones. Naturally, agricultural households in nonproject zones, nonagricultural households, and urban households are not directly affected by the irrigation project. However, economic linkages among treated and nontreated households transfer the impacts of the irrigation treatment beyond the direct-targeted households in the broader economy. The irrigation projects under FTF Tanzania do not easily lend themselves to the use of randomized control trials for impact evaluation for at least two reasons. First, within a treated region, almost all agricultural households receive the "irrigation treatment." Regions are heterogeneous, and there is not a sufficient number of target regions to randomize at the regional level. Second, economic linkages transmit impacts from treated (agricultural) to nontreated (nonagricultural) households via local prices. Thus, many of the impacts of these projects are likely to be found among nontreated households, especially if higher yields influence local prices, which is a likely outcome given the imperfect market integration characteristic of these rural economies.
This paper applies a Local Economy-Wide Impact Evaluation (LEWIE) simulation model to analyze the potential of irrigation projects not only in the project zones but also in the surrounding areas and the entire Morogoro region in general. 
THE MODEL AND DATA
The immediate impact of the irrigation projects is to increase crop productivity in the treated areas. Moreover, both land and labor productivity are expected to increase significantly when irrigation is combined with the adoption of new technologies and farming practices. For irrigated crops, farmers usually use more modern inputs. Thus, irrigation projects induce increases in farmers' demands for purchased intermediate inputs, such as fertilizer, chemicals, and improved seeds. An increase in crop output triggers higher-order effects through the economy. When staple products are not perfectly substitutable with similar products produced outside the region, the changes in their supply can cause changes in their prices. Through general equilibrium linkages, prices for nontradables, which include both inputs and outputs, can also change. For example, increased demand for labor exerts upward pressure on local wages, whereas an increase in the supply of rice puts downward pressure on local rice prices. Rice farmers and the suppliers of nontradables benefit either from irrigation that increases rice production or from the induced demand effect, which in turn increases their incomes. As a result, their consumption demand for goods and services increases, which further generates price effects, because part of such goods and services are also nontradable.
Some goods either produced by local producers or consumed by local consumers are tradable; their prices are determined outside the region. From a regional economywide point of view, upward pressure on the prices of local nontradables relative to the prices of tradables causes an appreciation in the project region's terms of trade (that is, the ratio of prices for nontradables over tradables). This appreciation, in turn, causes additional resource relocation, increasing production for the local economy while decreasing production for outside markets.
Thus, prices transmit the impacts of the irrigation project through the regional economy. Ultimately, the project's effect on local prices and production depends critically on both the market structure for agricultural products (whether increased production can easily be sold outside the region) and labor mobility (whether local wage is mainly determined by demand for and supply of labor within the local economy). The project's effect also depends critically on the local supply response for outputs as well as inputs, and such supply responses are constrained by available technology and inputs.
The LEWIE model is designed to capture the linkages that transmit project impacts through the local economy. The first LEWIE was developed by Taylor et al. (2013) to evaluate the spillover effects of Kenya's Cash Transfer to Orphans and Vulnerable Children program. The LEWIE model, which has its foundations in general equilibrium theory, consists of a set of equations describing the consumption and production behavior of households interacting in markets. Households in the model respond to price as both producers and consumers. Prices of local nontradables are determined by market-clearing conditions. In many ways, this is akin to a computable general equilibrium (CGE) model, albeit one that portrays a small regional economy containing distinct but interacting agents (households). Our model was designed as an evaluation tool to analyze and quantify the direct and indirect effects of the FTF irrigation projects. The full model statement is provided in appendix A to this paper.
Constructing the LEWIE Model
Identifying the relevant household groups is the first step in modeling the local economywide effects of the irrigation project. The Tanzania LEWIE model was constructed to match both the project locations and the administrative divisions of the Morogoro region. The irrigation projects were carried out in some villages of the Kilombero and Mvomero districts. The model distinguishes these two districts from other districts of Morogoro, and within each district, it distinguishes between households in treated and nontreated villages. The model also distinguishes among agricultural households, nonagricultural rural households, and households in urban areas. The 13 household groups featured in the model are presented in Table 2 .1. Households are producers in the model, and they own factors, which are either used in each household's productive activities or traded with other households. The parameters of the production function for a given good are the same across all producers, implying homogeneous technology for producing the same product. The parameters are different across different production activities. Moreover, not all households participate in all productive activities; production is thus defined at the household level, as is factor use. The list of commodities (goods or services) and factors specified in the model was inherited from a Tanzania national social accounting matrix (SAM) (Pauw and Thurlow 2010) . Most important, we distinguish paddy rice production and rice processing (milling) in both activities and commodities. The final list of accounts (after some simplification) is reported in Table 2 .2. 
Functional Forms
The consumption demand functions are of the Cobb-Douglas form, which assumes that households spend their income in fixed proportions, with a certain degree of substitutability among different commodities and services. Production functions, which employ factors and intermediate inputs to produce an output, have two components: a Cobb-Douglas component and a Leontief component. The Cobb-Douglas component is the value-added part of the production function, in which factors (land, labor, and capital) are inputs; the Leontief component computes the intermediate input requirements with fixed proportions to total output. For instance, rice is an intermediate input into milling (a fixed amount of rice is required to produce each pound of processed rice).
Market Closures
A challenge in a general equilibrium analysis is that we generally do not know exactly where prices are determined. In real life, changes in prices outside of an economy may be transmitted into the economy. For example, higher world prices for maize might have an effect on domestic prices when maize is imported, and changes in import parity prices may be transmitted to a greater or lesser extent through the rural economy. A number of studies from African countries document imperfect spatial integration and imperfect price transmission in agricultural commodity markets.
1 In contrast, the price for locally produced and consumed cassava, the charge of a cab ride to the neighboring village, or the shadow price for a farmer's family labor might be determined locally, without much outside influence. The same may apply to locally hired labor under poor infrastructure conditions and thus high transaction costs in rural labor markets, as well as to the rental rate (explicit or implicit) on land and other immobile factors. The LEWIE model was set up to accommodate alternative assumptions concerning where market-clearing prices, wages, or rents are set. Figure 2 .1 illustrates the market closure assumptions in the Tanzania LEWIE (commodities and factors are grouped into types for easier interpretation). There are three possible levels of market clearing and thus of price setting: district, regional, or national. Prices for goods and services traded in districtwide markets and isolated from the rest of the country are district specific in the model-that is, they are determined by supply and demand at the district level. For example, in the model, nonexport crops and local services are assumed to be traded within districts, and thus prices for them are district specific. Other goods can be traded within the region, there is a single market for them, and their prices are regional specific. Such prices are determined by the regional total supply and demand. For instance, paddy rice is assumed to be a regional good, and its price depends only on regional supply and demand. On the other hand, milled rice is assumed to be traded with the rest of the country. Morogoro is a riceproducing region, and rice is "exported" to the rest of the country with rather elastic outside demand. In this case, price for milled rice cannot be solely determined by local supply and demand in the region, and rice demand from the rest of the country can affect the price for the milled rice. For some commodities, Morogoro is fully integrated with outside markets (such as for imported goods or export crops); thus, prices for such commodities are fully exogenously determined outside the region.
As with commodities, the factor market closure assumptions determine where factor demand and supply must clear and where the price (or, in the case of labor, the wage) is determined. We consider land and nonagricultural capital as being fixed in their uses-that is, they cannot be reallocated. Rents are thus unique to each activity, household type, and district, which is a plausible assumption in the short run. For example, once the crop is in the ground, it is too late for farmers to plant rice on their maize field. For labor, we assume that workers with no education or some primary schooling face a local labor market (district level). This means that unskilled laborers in, say, Kilombero can work anywhere in that district and receive the same wage, regardless of the activity. However, the unskilled wage in Kilombero is not necessarily the same as the unskilled wage in Mvomero-that is, labor markets are segmented at the district level. We make the same assumption about livestock capital: rents are the same within a district but can differ from those in other districts. On the other hand, we assume that workers who have at least some secondary schooling face a regional market and thus a single, regional wage.
Underemployment is a quintessential feature of poor rural economies. For instance, there may be a surplus of labor, unused land, or underutilized capital, such as tools or machinery. For this reason, factor supplies in LEWIE are treated as elastic, and different supply elasticities for each factor are chosen in different simulations. An elastic labor supply implies a low reservation wage consistent with unemployment in the economy. In this case, an increase in labor demand in one production sector leads some previously unemployed people to be able to work, rather than putting upward pressure on wages via competition with other sectors. For capital, an elastic supply means that the existing capital stock is not being used at full capacity (for example, if tractors can work longer hours or livestock can be bred more intensively) or that increasing the capital stock is possible through loans (implying a well-functioning credit market, which is unlikely in the project areas).
The assumptions of market structure can be made separately for different goods and factors in the model; such assumptions can be altered to test their sensitivity to the simulation results. Figure 2 .1 illustrates the market assumptions we favored for the simulations presented in this paper. Different sets of factor supply elasticity assumptions are presented below. 
The Data
Data applied to calibrate the Tanzanian LEWIE model come from three sources: (1) the 2007 social accounting matrix (SAM) for Tanzania, in which all regions, including Morogoro Region, are disaggregated; (2) the 2007 national agricultural census, which provides detailed agricultural data at the household level; and (3) official government documents of the Morogoro region irrigation project proposals, which provide irrigation-related data, including expected outcome of yield increases in irrigated crops.
A Morogoro SAM is first constructed using the above three sources of data. Specifically, the regional production and consumption data from the 2007 agricultural census is used to further disaggregate the production and consumption value flows for Morogoro region (included in the national SAM) into 13 types of household groups. Each household group can be treated as a stand-alone SAM with activity and commodity flows. The 13 household SAMs are subsequently integrated into a "meta-SAM" for Morogoro region. The meta-SAM provides a snapshot of all production and consumption accounts in the 13 household groups that is consistent with both the national SAM and the microdata.
The meta-SAM contains all the production, income, and expenditure information necessary to calibrate the LEWIE model with 13 households, with the exception of factor supply elasticities, which had to be set independently.
SIMULATIONS AND RESULTS
Four different irrigation projects are considered in the simulations, and each project targets a different zone of Morogoro (Dakawa, Mgongola, Mgugwe, and Udagaji). The projects' primary target is to expand irrigated land used in rice production (the main staple crop in the region) and to a lesser extent other field crops (maize, pulses, oilseeds). Thus, we focus the analysis on rice, which accounts for 95 percent and 92 percent of potential target crop production value in Kilombero and Mvomero districts, respectively. Irrigation has a strong yield-enhancing effect on rice production. Using information drawn from the four irrigation projects (Mgongola, Mgugwe, Udagaji, and Dakawa) proposed by the Tanzanian Ministry of  Water and Irrigation, Table 3 .1 shows potential yield gains that can be achieved under each of the four specific irrigation projects within the targeted districts. The projects are to be rolled out over five years and will affect 46 percent of the total land cultivated in target crops within the project zone. A doubling of yields in five years on those areas translates into an approximate 18 percent increase in a given project year.
2 This annual increase in rice productivity is the shock we simulate in the analysis.
The positive impact of irrigation on yields is well-documented. How these increases in yield will affect local markets, prices, incomes, and rural welfare in the project regions is less straightforward. Using simulation methods, we can obtain insight into how the economy may react under a range of possible scenarios.
We first present a core simulation (Simulation 1)-an 18 percent yield increase for rice in the project zones under what we consider to be plausible assumptions about market closures and factor supply elasticities. We then use the model with alternative assumptions to show how factor availability can shape the impact of the irrigation projects.
As described in Table 2 .2, the Tanzanian LEWIE model distinguishes among eight categories of factors: land, livestock, agricultural capital, nonagricultural capital, and labor of four different skill levels, which are grouped into two "high-skilled" levels and two "unskilled" levels, depending on secondary schooling.
Supply elasticity for different factors in the base simulation (Simulation 1) is defined as follows: (1) supply of land and nonagricultural capital is fixed (that is, the supply elasticity is 0); (2) supply of agricultural and livestock capital is elastic with an elasticity of 1 (somewhat elastic); (3) supply of highskilled labor is relatively more elastic, with an elasticity of 3 indicating some unemployment for such type of labor; and (4) supply of unskilled labor is highly elastic (set at 100) with a fixed real wage rate indicating widespread unemployment. Estimates of factor supply elasticities are rare, and none are available for Tanzania. Although we do not have the data to estimate these parameters, we believe the above constitutes a plausible set of assumptions for the rural areas of Tanzania. In the alternative simulations, these assumptions are adjusted to test the sensitivity of the LEWIE model results to the different levels of factor supply elasticity.
The bottom panel of Table 3 .2 shows the overall effect of the simulated increase in crop productivity on regional total income. In nominal terms, the irrigation projects increase aggregate regional income in the simulation year by 0.79 billion Tanzanian shillings (TZS), 3 though this ignores the impact of higher yields on local prices. Real effects are much larger than nominal ones, reaching 2.48 billion TZS, because higher yields reduce consumption prices.
The LEWIE model provides considerable detail on the disaggregated local economywide impacts of the irrigation projects on production, prices, factor values, and household incomes. The following sections summarize these disaggregated impacts. 
Productive Spillovers through Rice Processing
The immediate effect of an 18 percent increase in rice productivity is an increase in rice output. However, the projects also trigger a range of secondary impacts through various channels. Producers adapt their input use by shifting their resources toward activities that are made more lucrative by the project (that is, to the extent that they can do so). The shift in supply volumes may affect commodity prices and demand. The shifts in labor demands may affect wages and employment. All of these changes affect nontarget households, which in turn change their consumption and production by responding to changed commodity prices and wage rates. All of these first-and higher-order effects are interdependent, which is why economywide modeling is necessary to simulate net or general equilibrium impacts. Table 3 .3 presents the general equilibrium impact on sectoral production (expressed in billions of the real terms of Tanzanian shillings). The first row of the table reports a sizeable increase in rice output (4.45 billion in the real terms of Tanzanian shillings). Cross-effects influence the output of other activities through several channels. First, most of the paddy rice is processed. Thus, the output of milled rice increases by 3.71 billion in real terms of Tanzanian shillings. Second, both paddy and milled rice are tradable, and trade services can be treated as intermediate inputs for production and processing activities, which partly explains the increase in the output of trade services when rice production increases. In addition, higher incomes in the economy create a demand pull, which also stimulates the output of goods other than rice, such as local crops and local services. On the other hand, some factors are not perfectly elastic, and at least some workers and capital must shift out of their previous uses. This explains why the output of some activities can be negatively affected-for instance, natural resource extraction and other service provision. For each activity, the net effect reported in Table 3 .3 is the result of all the cross-influences previously described-whether the activity is affected directly by the irrigation projects, whether it competes for input and factor resources with rice, whether the demand for its output rises with household incomes, and so forth. Although the production of rice increases by 4.45 billion TZS, the effect of the intervention on the value of total output in the local economy, once all local general equilibrium effects are taken into account, is 7.9 billion TZS, which is 80 percent higher than the increases in rice value. Where this additional production is stimulated and who participates in these activities both help shape the full impact of the rice irrigation project on the entire rural population, not only in the target zones but also in their surroundings.
The numbers reported in Table 3 .3 are the net effects aggregated over the entire Morogoro region. The model distinguishes the target districts within the region and offers a window into district-level productive impacts (these impacts are charted in Figure 3 .1). Although the projects are carried out in certain target regions of Kilombero and Mvomero, nontarget regions and other districts are affected through general equilibrium effects. Figure 3.1 reveals that Kilombero is responsible for most of the productive impact, in terms of both rice production and rice milling. Whereas most paddy rice is milled locally, trade in paddy does exist in the region. Therefore, increases in paddy and milled rice can be different in a location. For example, rice production increases in Mvomero, but changes in rice milling in that district are modest. Other districts increase their rice milling activity more than Mvomero, but their paddy rice production does not necessarily increase (as these districts are not included in the irrigation projects). The spillovers of the project thus trigger some regional specialization-for example, other districts are at a comparative disadvantage in rice production when irrigation is developed outside these districts, but they can benefit from increasing rice processing, especially if Mvomero has limited milling capacity (shown as nonagricultural capital in the model). Food processing also shifts toward other districts. The irrigation project thus encourages some reorganization of Morogoro's productive landscape.
In addition to productive impacts, Table 3 .3 reports the simulated average impact on commodity price in the region (weighted by production volumes). Only the price of paddy rice (the targeted commodity) drops by more than a percentage point. The price of processed rice drops by only 0.7 percent, because of elastic demand from outside the region. Prices of commodities that are not traded outside the region (local crops, livestock, and services) increase slightly. Values of commodities with exogenous prices (export crops and natural resources) are, by definition, unaffected. Since prices faced by consumers change, the value of wages, rents, and incomes is altered. In the following presentation of results, we distinguish real from nominal values when relevant.
Spillovers through Factor Markets
Lurking behind the productive impacts described in the previous section are impacts on the value of factors. We now explore the mechanism behind these impacts-that is, the clearing of factor markets and the setting of wages and rents. The effects of an irrigation project on the demand for factors are not straightforward. On the one hand, the irrigated activity becomes more lucrative, so a farmer may want to intensify production and use factors and intermediate inputs more intensively. On the other hand, the more productive farmer could reduce factor use and still produce more than before the project. In a general equilibrium context, factor supply will also matter. In our model, all of these considerations are reflected in factor rents and wages.
Land and Capital Rents
We assume that land is fixed in each activity, so there is no reallocation in land. This also means that the shadow value of land (the marginal value of its product) is specific to each activity and household type in the model (with 50 different shadow values of land in total). Each land value will be affected differently by the interventions, so Table 3 .4 reports weighted averages of impacts on land rental value in each district, distinguishing the target households (agricultural households in target zones) from other households. Land and capital values will tend to increase in activities that are directly or indirectly stimulated by the irrigation projects; the opposite will tend to happen in negatively affected activities. Because some activities are more capital-intensive than others, the net effect on capital can be positive or negative. Increased yields on irrigated land in Kilombero and Mvomero bid up land values for target households by more than 19 percent. In comparison, the spillover effects on all other capital rents are limited (on the order of 1 percent). However, these small changes in capital values contribute toward restructuring the productive landscape. The decrease in rice milling in Mvomero and the increase in other districts mirror the shifts in the values of nonagricultural capital. 
Labor Market Spillovers through Wages
The model assumes different levels of labor market integration for different worker skill types. Workers with no schooling or only some primary schooling supply their labor to district labor markets; thus, they face a local wage. Research from Africa and elsewhere documents a positive effect of schooling on migration and labor market mobility. 4 In our model, workers with at least some secondary schooling can seek work in the entire region, and thus their labor market clears at the regional level with a regional wage. These assumptions are important because labor markets can carry spillovers of the project to nontargeted households. Table 3 .5 shows that the net effects on wages are modest compared with what we saw for land values in Table 3 .4, because labor supply is more elastic and labor can be reallocated between many different activities. The effect on wages is positive for unskilled workers in the two target districts, reflecting a stimulated labor demand in rice production. The total regional demand for workers with at least some secondary education is reflected in slightly higher wages. In other districts, the effect is negative for less-skilled laborers, which is consistent with a shift away from low-skill activities (such as rice production) and toward higher-skill activities (such as rice processing). 
Impacts on Target and Nontarget Household incomes
The shifts in production volumes, rents, and wages discussed in the previous section all have ramifications for household incomes. However, price impacts cause real income effects to deviate from nominal ones. Thus, Table 3.6 reports both nominal incomes and real incomes that take into account local price inflation or deflation. The top panel of Table 3 .6 shows nominal income changes in the three simulations. Looking at both target zones, it appears the project would create a little more than 1.5 billion TZS in additional income for agricultural households. Most of these benefits (1.14 billion TZS) are in Kilombero, because the projects affect a larger population there. However, this actually represents roughly a 12 percent income gain for both target groups. Table 3 .6 shows nominal income spillovers for nontargeted agricultural households. In nontarget zones of Mvomero, the spillovers are positive (0.04), but in Kilombero and other districts they are negative (-0.39 billion and -0.56 billion, respectively). Nonagricultural households in all zones and districts benefit somewhat. Production in the irrigated target zones bids down the local prices of rice, thus hurting some agricultural households in the nontarget zones. On the other hand, increased production in the target zones draws agricultural laborers from surrounding areas, which generates spillover income effects. The net income effect is positive for most households but is negative for agricultural households that did not receive irrigation in Kilombero and other districts.
Nominal incomes, however, give an incomplete picture of the welfare effects of the irrigation projects. Shifts in prices transmit spillovers and alter the real value of incomes. The central panel of Table  3 .6 reports changes in consumer price indexes (CPIs) for the three districts. CPI's are computed using household expenditure shares and price shifts at the district level. In Mvomero, the CPI increases only slightly (+0.03 percent), and in the other districts, it drops slightly (-0.06 percent). In Kilombero, the CPI drops by less than half a percentage point (-0.31 percent). The CPI reflects both price levels and consumption patterns. The larger drop in Kilombero is not due to large price shifts; rather, it reflects the fact that the most impacted crop (paddy rice) represents a higher share of expenditures for Kilombero households (about 20 percent, versus about 5 percent in Mvomero and the other districts).
Compared with the change in production discussed in Table 3 .1 and displayed in Figure 3 .1, the household income effect displayed in Table 3 .6 seems to be much more modest. In fact, production output (measured in constant prices) includes both a value-added component (which is the income to the factorowner households) and an intermediate component. While intermediate inputs contribute only a small portion of the output value for primary agriculture, this share is very large for rice processing: paddy rice as an intermediate accounts for more than 90 percent of milled rice production value. Moreover, to be comparable with the changes in production value, the price effect should be taken into consideration. As shown in the second panel of Table 3 .6, the income effect in real terms is much larger than in nominal terms (at 2.34 billion TZS in total), due to the decline in most commodity prices, which results in a negative change in CPI. Thus, at the same level of nominal income, a household can buy more of the commodities it wishes to consume. For target households (that is, agricultural households in target zones), real incomes are slightly higher than nominal ones in Kilombero and barely lower in Mvomero. Even for households that see no nominal income change whatsoever, a negative change in CPI is beneficial. In target zones of Kilombero, rural nonagricultural households barely see any benefits from the irrigation projects in nominal terms (0.02 billion TZS); however, cheaper commodities on the local market translate into a gain of 0.13 billion TZS in real terms for them.
Outside the target zones, the difference between nominal and real incomes is more pronounced. In Kilombero, the lower prices eliminate the negative nominal income effect (from -0.39 billion TZS to 0). Urban households of Kilombero, which are not much affected in nominal terms (0.08 billion TZS), gain 0.78 billion TZS in real terms. Similar observations can be made about the other districts, where the CPI drops slightly. The opposite is true in Mvomero, where the CPI hurts households on the consumption side, though only by a small magnitude.
Factor Supply and the Size of Spillovers
The simulation results reveal that the irrigation projects can generate sizeable spillover effects from target to nontarget households and from target districts to their surroundings. These results were obtained using assumptions that we think are most plausible for a rural region such as Morogoro. If we repeat the simulations with altered assumptions, we can verify the robustness of our results. In this section, we present two simulations with alternative sets of assumptions. In Simulations 2 and 3, we chose extremely high or low elasticity values, so that the results of the two simulations bracket the likely impacts of the irrigation project. The assumptions and results are summarized in Table 3 .7.
Simulation 2 represents a scenario in which all factors are in fixed supply. Factors can still be reallocated between uses, but the only way to increase factor use in one activity is to reduce it in other activities. Conversely, Simulation 3 assumes very high elasticity values for all factors, meaning activities hardly need to compete for factor resources.
The production results in Table 3 .7 show that factor supply elasticity has a certain impact on the total production response to the projects. In Simulation 1, which is the one we consider most plausible, total production increases by 7.96 billion TZS. In Simulation 2, when factor supply is fixed and its elasticity is all 0, this total gain is reduced by 10 percent to 7.19 billion TZS. Conversely, with the very high elasticities under Simulation 3, production increases by 9.3 percent to 8.7 billion TZS. Thus, limited or inelastic factor supply reduces the irrigation project's productive impact. Different assumptions on factor supply elasticity affect the impact on households' real income much more modestly than the effect on production output. For example, in Simulation 2, when factor supply is fixed and its elasticity is all 0, change in households' real income becomes 2.34 billion TZS, which is slightly lower than the result of Simulation 3 (2.49 billion TZS) when very high elasticities are assumed for the factor supply. This finding suggests that our simulations are rather robust to the ad hoc assumptions we made about factor supply elasticities.
However, Table 3 .7 also reveals that supply elasticities have an effect on the distribution of those total impacts. It reports the effects on real incomes of beneficiary and nonbeneficiary households. When factor supply is most constrained (Simulation 2), almost one-third of the productive response to the treatment is attributable to nontarget households (2.13 billion of 7.19 billion TZS). When factor supplies are very elastic, this share is less than 10 percent (0.7 billion of 8.7 billion TZS). Similarly, in real income terms, nontarget households gain much more under Simulation 2 than under Simulation 3 (1.06 billion versus 0.51 billion TZS). This finding underscores the importance of factor supply in determining the size of spillovers that an intervention can generate. If factors are unavailable, the target households must rely on their neighbors (for instance, to hire workers and mill rice), thus sharing the benefits of the irrigation project. Factor availability increases the productive impacts generated by the project, while also keeping the benefits in the target households. 
CONCLUSIONS AND DISCUSSION
Starting with the Morogoro accounts in the Tanzanian national social accounting matrix (SAM), we used production and consumption data for the five zones to create 13 household-type SAMs. To calculate household-type agricultural proportions for production and commodity accounts, we used production data from each group to assign a proportion of production to each group. In a given group, only agricultural households participate in agricultural production, as this gave us a proportion of regional production by each of the 13 household types. We multiplied the corresponding proportion by each agricultural commodity and activity column of the regional SAM for each of the 13 households, giving us 13 distinct accounts for each activity and commodity. Livestock sales data allowed us to create proportions of livestock production in each of the agricultural households. Since we did not have direct production data on olive and poultry production, we used average agricultural production to disaggregate these accounts.
To disaggregate nonagricultural activities, we used a similar process. We first assumed that agricultural households did not participate in nonagricultural activities. We used data on urban populations in the region to break nonagricultural activities into urban and rural households. Next, dividing up the factor inputs required several assumptions. Low-skilled labor went exclusively to agricultural activities and in the same proportions as agricultural capital. These proportions came from household average agricultural production (averaged across activities). Higher-skilled labor and nonagricultural capital went to nonagricultural activities, and proportions came from average production of nonagricultural output. Households used mining capital in proportion to their mining output.
Finally, we combined consumption data by group and by demographic data about proportions of populations that participate in agriculture and that live in rural and urban populations. We used this to assign each of the 13 households a proportion of consumption in the region. Consumption, like production data, was commodity specific.
After dividing production, factor demands, and consumption across the 13 household types, we calculated marketed surplus for each household and for each commodity. Households within the region could be either net producers or net consumers of each commodity. Marketed surplus was split between trade within the region and trade with the rest of the country. The proportion of surplus that goes to (or comes from) the rest of the country equals regional marketed surplus divided by the sum of household marketed surplus (including only the surpluses that have the same sign as the regional surplus). The remaining proportion goes to other households in the region that have a marketed surplus of a different sign than the region as a whole. In practice, this means we assume that if a region exports a crop, that crop is mixed in a local market, and some proportion of all households' production goes to exports. If the region imports, then its imports are mixed with local production, and households consume a mix of regional and imported production. This process gave us two shared accounts: one represents trade within the region, and the other represents exogenous trade with the rest of the country.
To conclude the disaggregation, we nested each of the 13 household-specific SAMs into a regional mega-SAM, with each household on a block diagonal. The regional and rest-of-country trade accounts spanned all households and ensured that the mega-SAM balanced, with row totals equal to column totals.
The model can be calibrated straight from the meta-SAM. To achieve a more manageable model size, some commodities and activities were reaggregated in the General Algebraic Modeling System (GAMS) code, reducing the commodity number from 58 to 19. 
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